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ABSTRACT 
Sustainable agriculture slowly replaces the conventional agriculture practice as due to 
the need of having sustainable agriculture management to address mainly food scarcity 
issue over the world; and at a micro-level it’s advancement of technological means in 
order to adapt to the macro environment changes. The need of drastic changes in the 
global food system in order to achieve a more sustainable agriculture is inevitable. 
Agriculture industry stakeholders, especially those in oil palm industry, reckon the 
significance of pursuing sustainability due the competitiveness in the industry. 
Moreover, rigorous requirements which imposed by sustainable organizations and 
authorities has given rise to the industry stakeholders for continually seeking for better 
solutions to minimize the total operating cost. Yet even though these scenarios are 
what satisfies and act as the market drive to promote the research in precision 
technologies, the practices of precision technologies in Malaysia’s oil palm industries 
still lack in its pace. This research aims to develop a sustainable precision agriculture 
management system for the oil palm industry. Through semi-structured interview 
session, industry stakeholders revealed their perceptions on precision agriculture 
technologies.  They also shared their experiences and obstacles they encountered 
during the implementation of precision agriculture technologies in their organization. 
The research then moved forward to the development of Oil Palm Management System 
(OPAMS) which serves as a monitoring and data management system to justify the 
decision making in oil palm plantation operational process to achieve sustainable goal. 
The system assists them in monitoring, control and properly manages their resources, 
including fertilizers, chemical, pesticides, energy and water with better efficiency. The 
research raised the awareness of precision agriculture practices in oil palm industry, 
allow industry stakeholders taking sustainability into account while making operating 
investment and management decisions. 
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ABSTRAK 
Pertanian yang lestari telah menggantikan amalan pertanian konvensional dalam 
menangani isu kekurangan makanan seluruh dunia; dan pada peringkat mikro, ia 
meningkatkan kemajuan teknologi dalam penyesuaian perubahan persekitaran secara 
makro. Keperluan perubahan yang drastik dalam sistem makanan global tidak dapat 
dielakkan untuk mencapai pertanian yang lebih lestari. Pihak berkepentingan industri 
pertanian, terutamanya industri kelapa sawit berpendapat mengekalkan kelestarian 
adalah penting atas sebab daya saing dalam industri tersebut. Selain itu, 
penguatkuasaan peraturan yang lebih ketat oleh organisasi dan pihak berkuasa telah 
memeransangkan pihak industri untuk mencari penyelesaian yang lebih baik untuk 
mengurangkan jumlah kos operasi. Namun, senario ini telah memerangsangkan 
pasaran untuk meneroka penyelidikan dalam teknologi ketepatan. Penggunaan 
teknologi ketepatan masih kurang dalam industri kelapa sawit di Malaysia. 
Penyelidikan ini bertujuan untuk membangunkan sistem pengurusan pertanian 
ketepatan yang lestari untuk industri kelapa sawit. Melalui sesi termuduga separa-
struktur, pihak berkepentingan industri mendedahkan persepsi mereka mengenai 
teknologi pertanian ketepatan. Mereka juga berkongsi pengalaman dan masalah yang 
dihadapi semasa perlaksanaan teknologi pertanian ketepatan dalam organisasi mereka. 
Penyelidikan ini kemudiannya bergerak ke arah pembangunan Sistem Pengurusan 
Kelapa Sawit (OPAMS) yang berfungsi sebagai sistem pemantauan dan pengurusan 
data untuk mewajarkan penentuan keputusan dalam proses operasi perladangan kelapa 
sawit demi pencapaian matlamat yang lestari. Sistem ini membantu mereka dalam 
pemantauan, pengawalan dan pengurusan sumber dengan betul termasuklah baja, 
bahan kimia, racun perosak, tenaga pekerja dan sumber air dengan kecekapan yang 
lebih baik. Penyelidikan ini meningkatkan kesedaran mengenai amalan pertanian 
ketepatan dan membenarkan pihak berkepentingan industri mengambil kira ciri 
kelestarian semasa membuat keputusan pelaburan dan pengurusan operasi. 
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INTRODUCTION 
1.1 Research background 
According to department of Statistics Malaysia (2014), palm oil industry accounted 
for 10% of Malaysia's exports in 2012, the third most important source of export 
income. The oil palm planted area in Malaysia reached 5 million hectares in 2011, an 
increase of 3% over 2010. Sabah is the largest producer with 1.43 million hectares or 
29% of the total. Neighbouring Sarawak, also on Borneo, is the region where the oil 
palm cultivated area is growing most rapidly, by 8% between December 2012 and 
December 2013, and by 5% in the previous year, in contrast to the growth rate in the 
rest of Malaysia which was under 1% per annum (Grágeda et al., 2016). In terms of 
category of ownership, 62% of the total oil palm area was dominated by sizeable 
plantation companies which owned by private investors and government linked 
companies. However, independent smallholders still accounted for 38% of the total oil 
palm planting area as shown in Figure 1.1 (MPOB, 2014) 
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Figure 1.1: Oil palm area by category (MPOB, 2014) 
 
Malaysian crude palm oil production in 2011 was second only to Indonesia, 
with Thailand 3rd, but way behind. Malaysia, on the other hand, only ranks 7th for 
growth of the industry, compared to 10% for Thailand and 8% for Indonesia (Martin, 
Rieple, Chang, Boniface, & Ahmed, 2015). Malaysia exports almost all of its palm oil 
to countries such as China (22.1%), the European Union (11.2%), Pakistan (10.1%), 
India (9.3%), and the USA (5.8%) (Economic & Industry Development Division, 
2013). Palm oil is only producible in the tropics, and typically in lesser developed 
countries. Palm oil has very high yields per hectare, and a very wide range of 
applications from food processing to detergents, biodiesel and oleo-chemicals (Pirker 
et al., 2016). 
Palm oil provides one of the leading vegetable oils produced globally, 
accounting for one-quarter of global consumption and approximately 60% of 
international trade in vegetable oils. Due to the increased in global population and oil 
consumption, the capacity of oil palm production in total has been jumped by 128% 
growing strongly as 58 m tons per year over the last decade (Pirker et al., 2016). In 
order to meet the global demand, a minimum of 78 million tonnes of palm oil will be 
required with the projection in 2020 (Mielke, 2013). In Figure 1.2 indicates that 
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Malaysia and Indonesia exported 42.9 million tonnes of palm oil which accounted for 
58% of the world’s total export of oils and fats in year 2013 (MPOB, 2014). 
 
 
Figure 1.2: Export of oils and fats from major countries (MPOB, 2014) 
1.1.1 Sustainable oil palm management system in Malaysia 
The increasing worldwide demand of sustainable palm oil product has encouraged the 
industry to develop a sustainability strategy on the unintended social, environmental, 
and economic consequences of rapid population growth, economic growth, and 
consumption of natural resources (Abdullah et al., 2015). Sustainability as a concept 
is more comprehensive and systemic to maximize the welfare of the environment, 
economy, and society (Vallance et al., 2011). Procedural countermeasures have been 
taken in controlling the usage amount of chemical fertilizers and pesticides in the 
agriculture industry, with the existing guidelines such as Good Agriculture Practice 
(GAP) and Pesticides Act 1974. According to the control union for Roundtable on 
Sustainable Palm Oil (RSPO), pesticides are in conjunction with the Standard of 
Procedures (SOP) in the workplaces as well as the trainings given by the suppliers for 
the integrated pest management (IPM) system (Control Union, 2015).  
A study by Ferdous Alam, Er, & Begum (2015) indicated a number of 
mechanisms have been developed to make palm plantation and the industry sustainable 
as the existing use of enormous amount of fertilizers and pesticides indicate impending 
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danger for further growth of the industry. Appropriate land use, land-use change and 
forestry (LULUCF) activities, good agricultural practice (GAP) for example that 
assists in recycling the nutrients through returning mill residues. Moreover, compared 
to other vegetable oil crops, efficient use of nutrients can be ensured in oil palm 
cultivation by using empty fruit bunches and by frond spreading. Besides, newly 
developed integrated pest management (IPM) methods infused with GAP is likely to 
usher in better sustainability in the palm plantations through bio pesticides like 
Metarhizzium fungi, Bt virus and Trichoderma to control Rhinocerous beetle grubs, 
bagworms and Ganoderma respectively. Barn owl has also proven to control rat in the 
plantations successfully (Ferdous et al., 2015).  
In Malaysia’s (GAP) for oil palm, several things are mentioned such as crop 
management which is the crop protection system, basic elements of crop protection, 
the minimizing usage of pesticides, application of Integrated Pest Management (IPM) 
techniques, and preferences of non-chemical control measures (Federation of Malaysia, 
2006). There are needs to improve the law terms whereby for example as compared to 
Thailand, the requirements and inspection for the good agriculture practice (GAP) in 
regards to fertilizers and pesticides were clearly stated. It mentions the requirements 
and inspection methods which satisfy the Thailand’s standard for GAP (Thorp et al., 
2008). 
Presently, the industry is confronting new challenges of differing nature and 
dimensions in terms of regulatory requirements, trade obligations, technological 
advancement and new industrial and consumer demands (Sheil et al., 2009). Even 
though there are many things to be concerned over such as the social development, 
food safety and product quality, however one of the most important element that is 
emphasized over and over again is the sustainability of the agriculture in a whole to 
the social, economic and environmental aspect. Over the past few years, globally, the 
oil palm industry has been increasingly pressured by environmentalists, who have 
created a powerful lobby against oil palm, claiming that the crop contributes to 
rainforest destruction with its attendant elimination of wildlife and biodiversity and 
the alienation of indigenous people from their land (Mahat, 2012). One major 
challenge in the palm oil business is environment sustainability issues which is of 
global concern and is fast turning into a key trade issue. If palm oil is to stay dominant 
in the global trade, it is imperative that producers and exporters to develop appropriate 
production and marketing strategies not only to address these concerns but also to 
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enhance the acceptance of palm oil among consumers worldwide. However, 
agronomic practices of oil palm are environmentally pollution plantation, uncontrolled 
use of pesticides, poor attention to worker health and safety and it shows other negative 
impact as well. 
So far the best practice in Malaysia oil palm industry is the usage of IPM 
system and zero burning technique. Two knowledge gaps and uncertainties were 
highlighted in one of the reports in RSPO as well, which are the information on the 
social and economic effects of oil palm development is scarce and contradictory, and 
there is a major need for alternative production scenarios that allow ecologically and 
socially sustainable oil palm development and give the highest yields with the lowest 
social and environmental impacts (Schrier-Uijl et al., 2013). 
Historically, the focus of research and advice regarding to agriculture was to 
increase production, productivity and profits, whereas now the emphasis is on 
achieving those aims in a sustainable way, which often implies changing farm 
practices and using different technologies (OECD, 2012). The purpose of sustainable 
agriculture is also to produce more output from the same area of land while reducing 
the negative environmental impacts and at the same time increasing contributions to 
natural capital and the flow of environmental services (Ibrahim, 2016). 
Agriculture faces many challenges, annually worries over whether the 
produced crops are enough for the people on the earth. Population growth and changes 
in diet associated with rising incomes drive greater demand for food and other 
agricultural products, while global food systems are increasingly threatened by land 
degradation, climate change, and other stressors. Uncertainties exist in regional and 
local impacts of climate change, but the overall global pattern suggests that the stability 
of the food system will be at greater risk due to short-term variability in food supply 
(Nations, 2009). 
1.1.2 Precision agriculture - a more sustainable way of agriculture 
Drastic changes need to be made in the global food system in order to achieve a more 
sustainable agriculture that feeds people adequately, contributes to rural development 
and provides livelihoods to while sustaining the natural resource basis (Titus & 
Adefisayo, 2012). As the world become more aware, sustainable agriculture slowly 
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replaces the conventional agriculture practice (Omorogiuwa et al., 2014; Titus & 
Adefisayo, 2012). Agriculture industry shows several changes over the decades, as the 
vastly usage of Remote Sensing (RS) reduced the wastage of fertilizers and pesticides 
in the industry, it promotes sustainable development of the agriculture industry in a 
wider context. The application and development of the agriculture industry implies the 
path towards the sustainable agriculture, and one of the ways to achieve it is by the 
means of Precision Agriculture (PA). The planters which practice PA gain more 
productivity in terms of quality control and able to generate more income, while 
reducing the negative impact on the environment. In the year 2012, World Wide Fund 
organization made a study and state that the world need to produce more food in the 
coming 4 decades as compared to 8000 years ago (World Wide Fund , 2013). This is 
the crisis that the global society has to face, unlike the times before. 
The purpose of PA in agriculture industry is to manage the crop production. 
PA promises a more sustainable form of agriculture that aims to produce food in a 
more environmental friendly and social way (Comparetti, 2015; Moura et al., 2013; 
Robertson, 2007; Yadav, 2015). PA thus potentially provides means of addressing both 
human and environmental predicaments. There is a need to promote the sustainable 
agriculture, such as PA. One of the reasons is that recent trends in population and per-
capita wealth continue, feeding a world population of about 9 billion people in 2050 
would require raising aggregate global food production by at least 60-70%. With the 
benefits of the PA, the crop production can keep up with the growth of the world’s 
population. 
1.1.3 The role of PA technologies towards sustainable oil palm management 
system in Malaysia 
PA method is related closely to crop management system, as it is a process of 
identifying the crops’ health, and manage its productivity through the control amount 
of fertilizers, pesticides, and care. It may help the planters to save time and cost in the 
process while providing the knowledge of efficiently managing the crops. Crop 
management system is also related to risk management, resource management and 
technology management in agriculture. One of the technologies used in the agriculture 
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